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(54) Modified diffusion alumfnide coating for internal surfaces of gas turbine components 



(57) An article is formed of a gas turbine component 
having a substrate, an Internal passage through the 
substrate defining an internal surface of the substrate, 
and an internal protective layer overlying the internal 
surface of the substrate. The internal protective layer 
has a composition of aluminum, plus, in weight percent, 



on average from about 0.1 to about 5.0 percent of a 
modifying element selected from the group consisting of 
hafnium, yttrium, zirconium, chromium, and silicon, and 
combinations thereof, and elements found in the sub- 
strate. 
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Description 

[0001] This invention relates to a gas turbine com- 
ponent having an internal cooling passage, and, more 
particularly, to the protection of the surface of the inter- s 
nal passage of such a gas turbine component. 
[0002] In an aircraft gas turbine (jet) engine, air is 
drawn into the front of the engine, compressed by a 
shaft-mounted compressor, and mixed with fuel. The 
mixture is burned, and the hot exhaust gases are w 
passed through a turbine mounted on the same shaft 
The flow of combustion gas turns the turbine by 
impingement against an airfoil section of the turbine 
blades and vanes, which turns the shaft and provides 
power to the compressor. The hot exhaust gases flow is 
from the back of the engine, driving it and the aircraft 
forwardly. 

[0003] The hotter the combustion and exhaust 
gases, the more efficient Is the operation of the Jet 
engine. There is thus an incentive to raise the combus- 20 
tion and exhaust gas temperatures. The maximum tem- 
perature of the combustion gases is normally limited by 
the materials used to fabricate the turbine vanes and 
turbine blades of the turbine, upon which the hot com- 
bustion gases impinge. In current engines, the turbine 25 
vanes and blades are made of nickel-based superal- 
loys, and can operate at temperatures of up to about ' 
1 800-21 00°F. 

[0004] Many approaches have been used to 
increase the operating temperature limit of the turbine 30 
blades and vanes to their current levels. For example, 
the composition and processing of the base materials 
themselves have been improved. 
[0005] Physical cooling techniques may also be 
used. In one technique, internal cooling passages are 35 
located within the interior of the turbine component. Air 
is forced through the cooling passages and out open- 
ings at the external surface of the airfoil, removing heat 
from the interior of the airfoil and, in some cases, provid- 
ing a boundary layer of cooler air at the surface of the 40 
airfoil. To attain maximum cooling efficiency, the cooling 
passages are placed as closely to the external surface 
of the airfoil as is consistent with maintaining the 
required mechanical properties of the airfoil, to as little 
as about 0.020 inch in some cases. as 
[0006] The surfaces of the internal cooling pas- 
sages and the external surfaces of the turbine compo- 
nent may be protected with a protective coating. 
Aiuminlde diffusion coatings are used for the internal 
surfaces, and aluminide diffusion coatings or overlay so 
coatings are used on the external surfaces. A ceramic 
layer may also overlie the protective coating on the 
external surfaces. Although these internal and external 
protective layers provide improved resistance to envi- 
ronmental damage of the turbine component and the 55 
ability to operate at higher temperatures, there Is an 
opportunity for improvement. Thus, there is a need for 
improved protective coating systems that extend the 



capabilities of the turbine components even further. The 
present invention fulfills this need, and further provides 
related advantages. 

[0007] The present invention provides an article 
and a method for its preparation. The article is prefera- 
bly a component of a gas turbine having internal pas- 
sages therein, such as the passages that channel a flow 
of cooling air through the component. The present 
approach increases the environmental resistance of the 
internal surfaces that form the internal passages, 
thereby increasing their durability. The Improved envi- 
ronmental resistance is achieved using a modification of 
an existing, well-proved technology. The present 
approach is specific to the protection of Internal sur- 
faces, but it may be utilized in conjunction with any 
approach for protecting the external surfaces. 
[0008] An article comprises a gas turbine compo- 
nent having a substrate, an internal passage through 
the substrate defining an interna) surface of the sub- 
strate, and an external surface of the substrate. An 
internal protective layer overlies the internal surface of 
the substrate. The Internal protective layer has a com- 
position comprising aluminum, plus, in weight percent, 
on average from about 0.1 to about 5.0 percent of a 
modifying element including hafnium, yttrium, zirco- 
nium, chromium, and/or silicon, and combinations 
thereof. 

[0009] A related method for preparing an article 
comprises the steps of providing a substrate having an 
internal passage therethrough defining an internal sur- 
face of the substrate, depositing a layer onto the internal 
surface comprising aluminum and a modifying element 
selected from the group consisting of hafnium, yttrium, 
zirconium, chromium, and silicon, and combinations 
thereof, and heating the layer comprising aluminum and 
the modifying element so that the aluminum and the 
modifying element diffuse into the substrate. The dif- 
fused material forms an internal protective layer having 
an average composition of from about 16 to about 30 
weight percent aluminum, from about 0.1 to about 5.0 
weight percent of the modifying element, and other ele- 
ments Interdiffused from the substrate. 
[0010] The gas turbine component is preferably a 
gas turbine blade or gas turbine vane, with internal cool- 
ing passages. Such an article is typically made of a 
nickel-base superalloy. In most cases, an external pro- 
tective layer in the form of a diffusion aluminide or an 
overlay coating is also used, optionally with the applica- 
tion of a ceramic layer to form a thermal barrier coating. 
[0011] The present Invention is used solely in con- 
junction with the internal surfaces of the gas turbine 
component and to protect these internal surfaces. The 
protection of the internal surfaces poses a substantially 
different problem than the protection of the external sur- 
faces of the gas turbine component. The internal sur- 
faces are usually formed by small internal passages, 
that are typically from about 0.1 inch to about 0.5 inch in 
diameter. The internal surfaces are not accessible to 
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many types of coating techniques, such as those 
employing line-of-slght deposition processes. The pro- 
tective layer on the internal surfaces cannot be readily 
repaired, and therefore must last longer than the protec- 
tive layer on the external surfaces, which can be refur- 
bished. Additionally, the internal surfaces are subjected 
to a significantly different service environment than the 
external surfaces. The external surfaces experience hot 
corrosion, hot oxidation, and erosion in the combustion 
gas. On the other hand, a flow of bleed air from the 
engine compressor, not combustion gas, is passed 
through the internal passages, and the internal surfaces 
are at a lower temperature than the external surfaces. 
The bleed cooling air typically contains salt, sulfur, and 
other corrodants drawn into the compressor of the 
engine. The presence of the combination of salt and sul- 
fur at a temperature in the range of about 1300°F, a typ- 
ical temperature for the internal surfaces, may lead to 
severe Type II hot corrosion on the internal surfaces. 
The internal surfaces of the Internal passages are addi- 
tionally subjected to low-to-medlum temperature oxida- 
tion. The internal surfaces of the gas turbine 
components are thus subjected to environmental dam- 
age of a type substantially different from that experi- 
enced on the external surfaces. 
[0012] The present approach provides an Internal 
protective layer tailored to the requirements of the inter- 
nal surfaces of the gas turbine component. Other fea- 
tures and advantages of the present invention will be 
apparent from the following more detailed description of 
the preferred embodiment, taken in conjunction with the 
accompanying drawings, which illustrate, by way of 
example, the principles of the invention. The scope of 
the Invention is not, however, limited to this preferred 
embodiment. 

[001 3J The invention will now be described in 
greater detail by way of example, with reference to the 
drawings in which: 

Figure 1 is a perspective view of a turbine blade; 

Figure 2 is an enlarged schematic sectional view 
through the turbine blade of Figure 1, taken on lines 
2-2; 

Figure 3 is a block flow diagram of an approach for 
preparing a coated gas turbine airfoil; 

Figure 4 is a schematic sectional view of a deposi- 
tion apparatus for coating the internal passageways 
of gas turbine airfoils. 

[0014] Figure 1 depicts a component article of a 
gas turbine engine such as a turbine blade or turbine 
vane, and In this illustration a turbine blade 20. The tur- 
bine blade 20 Is formed of any operable material, but Is 
preferably a nickel-base superalloy. The turbine blade 
20 includes an airfoil 22 against which the flow of hot 



exhaust gas is directed. (The turbine vane has a similar 
appearance in respect to the pertinent portions.) The 
turbine blade 20 is mounted to a turbine disk (not 
shown) by a dovetail 24 which extends downwardly from 

s the airfoil 22 and engages a slot on the turbine disk. A 
platform 26 extends longitudinally outwardly from the 
area where the airfoil 22 is joined to the dovetail 24. A 
number of Internal passages extend through the interior 
of the airfoil 22, ending in openings 28 in the surface of 

70 the airfoil 22. A flow of cooling air is directed through the 
internal passages, to reduce the temperature of the air- 
foil 22. The airfoil 22 may be described as having a root 
end 30 adjacent to the dovetail 24, and an oppositely 
disposed tip end 32 remote from the dovetail 24. 

75 [001 5] Figure 2 is a longitudinal section through the 
airfoil 22, showing one of the Internal passages 34 
extending through an interior of the airfoil 22. The inter- 
nal passage 34 has an internal airfoil surface 36, and 
there is also an external airfoil surface 38 of the metallic 

20 portion of the airfoil 22. 

[0016] A diffusion aluminide internal protective layer 
40 Is present at the Internal airfoil surface 36. The diffu- 
sion aluminide is formed by depositing a coating com- 
prising aluminum and a modifying element onto the 

25 internal airfoil surface 36, so that a body of the airfoil 22 
serves as a substrate 42, and thereafter interdiffusing 
the coating with the alloy of the substrate 42. During this 
processing, a separate step, and/or service of the com- 
ponent article at elevated temperature, the aluminum- 

30 enriched internal airfoil surface 36 is oxidized to form a 
protective aluminum oxide layer, sometimes termed a 
'scale". This protective aluminum oxide layer Inhibits 
and slows subsequent corrosion and oxidation damage 
at the internal airfoil surface 36. 

35 [0017] The modifying element is hafnium, yttrium, 
zirconium, chromium, or silicon, or combinations 
thereof. The modifying element Is present, on average, 
in an amount of from about 0.1 to about 5.0 weight per- 
cent of the diffusion aluminide internal protective layer 

40 40. The presence of the modifying element achieves 
improved performance of the diffusion aluminide Inter- 
nal protective layer 40, primarily by improved adherence 
of the protective aluminum oxide to the internal surface 
of the substrate. These modifying elements are believed 

45 to achieve the improved adherence by providing "pegs" 
to anchor the protective aluminum oxide to the surface 
of the substrate, and in some cases by improving the 
strength of the interface between the protective alumi- 
num oxide and the substrate 42, although the operabilfty 

so of the Invention is not dependent upon these possible 
explanations. If the amount of the modifying element is, 
on average, less than about 0.1 weight percent, it is 
ineffective in achieving improved performance of the dif- 
fusion aluminide internal protective layer 40, as com- 

55 pared with an otherwise similar diffusion aluminide 
which does not contain the modifying element. If the 
amount of the modifying element Is, on average, greater 
than about 5.0 weight percent of the diffusion aluminide 
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internal protective layer 40. there is a risk of adverse 
effects on the environmental properties of the diffusion 
aluminlde internal protective layer 40 and of the metal- 
lurgical properties of the substrate 42. 
[0018] Preferably, but not necessarily, the average 
aluminum content of the diffusion aluminide internal 
protective layer 40 is from about 16 to about 30 percent 
by weight. If the average aluminum content is less than 
about 16 percent by weight of the diffusion aluminide 
internal protective layer 40, the protective oxide is not 
formed property. If the average aluminum content is 
greater than about 30 percent by weight of the diffusion 
aluminide Internal protective layer 40, the coating may 
become brittle and can, in turn, initiate cracking of the 
substrate. The remainder of the diffusion aluminide 
internal protective layer 40, which is not aiuminum and 
not the modifying element, is elements that are interdif- 
fused into the diffusion aluminide internal protective 
layer 40 from the substrate 42, primarily nickel. 
[0019] The aluminum and the modifying element 
are interdiffused with the material of the substrate 42 to 
form the internal protective layer 40, which is enriched 
in aluminum and the modifying element, lying at and 
below the internal airfoil surface 36. The diffusion alu- 
mimde internal protective layer 40 has a composition 
with the aluminum and modifying element concentra- 
tions highest near the internal airfoil surface 36, and 
decreasing aluminum and modifying element concen- 
trations with increasing distance into the substrate 42 
from the internal airfoil surface 36. The diffusion alumi- 
nide internal protective layer 40 is typically from about 
0.0005 to about 0.004 Inch thick. Because of this varia- 
tion in composition, the compositions are stated in 
terms of averaged values. The composition is averaged 
over this thickness of the diffusion aluminide internal 
protective layer 40. 

[0020] When exposed to a high-temperature oxidiz- 
ing environment, the diffusion aluminide internal protec- 
tive layer 40 at the internal airfoil surface 36 oxidizes to 
form a highly adherent aluminum oxide (Al 2 0 3 ) protec- 
tive scale 43 at the internal airfoil surface 36, inhibiting 
and slowing further oxidation damage. An overlay coat- 
ing such as discussed next and applied to the external 
airfoil surface 38 is not used on the internal airfoil sur- 
face 36. 

[0021] The external airfoil surface 38 may also be 
protected, and Figure 2 illustrates one approach. An 
overlay protective coating 44 overlies and contacts the 
external airfoil surface 38. The overlay protective coat- 
ing 44 has a protective layer 46 overlying and contacting 
the external airfoil surface 38. The protective layer 46 is 
preferably formed of an MCrAlX composition. The termi- 
nology "MCrAlX" is a shorthand term of art for a variety 
of families of overlay protective layers 46 that may be 
employed as environmental coatings or bond coats In 
thermal barrier coating systems. In this and other forms, 
M refers to nickel, cobalt, iron, and combinations 
thereof. In some of these protective coatings, the chro- 



mium may be omitted. The X denotes elements such as 
hafnium, zirconium, yttrium, tantalum, rhenium, plati- 
num, silicon, titanium, boron, carbon, and combinations 
thereof. Specific compositions are known in the art. 

s Some examples of MCrAlX compositions include, for 
example, NiAICrZr and NIAlZr, but this listing of exam- 
ples is not to be taken as limiting. The protective layer 
46 is preferably from about 0.0005 to about 0.005 inch 
thick. Such protective layers 46 are generally known in 

10 the art, although specific compositions may not be 
c known. 

[0022] Optionally, a ceramic layer 48 overlies and 
contacts the protective layer 46. The ceramic layer 48 is 
preferably yttria-stabllized zlrconia, which is zirconium 

75 oxide containing from about 2 to about 12 weight per- 
cent, preferably from about 4 to about 8 weight percent, 
of yttrium oxide. The ceramic layer 48 is typically from 
about 0.003 to about 0.010 inch thick. Other operable 
ceramic materials may be used as well. When there Is 

20 no ceramic layer 48 present, the protective layer 46 Is 
termed an •environmental coating". When there is a 
ceramic layer 48 present, the protective layer 46 is 
termed a "bond coat". 

[0023] Figure 3 is a block diagram of an approach 

25 for practicing the present invention. An airfoil is pro- 
vided, numeral 60. The airfoil is preferably the airfoil 22 
of Figure 1, either as a turbine blade or turbine vane. 
The airfoil (and all of the turbine blade or turbine vane) 
may be made of any operable base-metal alloy material, 

30 with a nickel-base superalloy being preferred. As used 
herein, "nickel-base" means that the composition has 
more nickel present than any other element The nickel- 
base superalloys are typically of a composition that is 
strengthened by the precipitation of gamma-prime 

35 phase. The preferred nickel-base alloy has a composi- 
tion, in weight percent, of from about 4 to about 20 per- 
cent cobalt, from about 1 to about 1 0 percent chromium, 
from about 5 to about 7 percent aluminum, from 0 to 
about 2 percent molybdenum, from about 3 to about 8 

40 percent tungsten, from about 4 to about 12 percent tan- 
talum, from 0 to about 2 percent titanium, from 0 to 
about 8 percent rrienium, from 0 to about 6 percent 
ruthenium, from 0 to about 1 percent niobium, from 0 to 
about 0.1 percent carbon, from 0 to about 0.01 percent 

45 boron, from 0 to about 0.1 percent yttrium, from 0 to 
about 1 .5 percent hafnium, balance nickel and inciden- 
tal impurities. 

[0024] A most preferred alloy composition is Rene' 
N5, which has a nominal composition in weight percent 

so of about 7.5 percent cobalt, about 7 percent chromium, 
about 6.2 percent aluminum, about 6.5 percent tanta- 
lum, about 5 percent tungsten, about 1 .5 percent molyb- 
denum, about 3 percent rtienium, about 0.05 percent 
carbon, about 0.004 percent boron, about 0.15 percent 

55 hafnium, up to about 0.01 percent yttrium, balance 
nickel and incidental impurities. Other operable superal- 
loys include, for example, Rene* N6, which has a nomi- 
nal composition in weight percent of about 12.5 percent 
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cobalt, about 4.2 percent chromium, about 1.4 percent 
molybdenum, about 5.75 percent tungsten, about 5.4 
percent rhenium, about 7.2 percent tantalum, about 
5.75 percent aluminum, about 0.15 percent hafnium, 
about 0.05 percent carbon, about 0.004 percent boron, 
about 0.01 percent yttrium, balance nickel and inciden- 
tal impurities; CMSX-4, which has a nominal composi- 
tion In weight percent of about 9.60 percent cobalt, 
about 6.6 percent chromium, about 0.60 percent molyb- 
denum, about 6.4 percent tungsten, about 3.0 percent 
rhenium, about 6.5 percent tantalum, about 5.6 percent 
aluminum, about 1.0 percent titanium, about 0.10 per- 
cent hafnium, balance nickel and incidental impurities; 
CMSX-10, which has a nominal composition in weight 
percent of about 7.00 percent cobalt, about 2.65 per- 
cent chromium, about 0.60 percent molybdenum, about 
6.40 percent tungsten, about 5.50 percent rhenium, 
about 7.5 percent tantalum, about 5.80 percent alumi- 
num, about 0.80 percent titanium, about 0.06 percent 
hafnium, about 0.4 percent niobium, balance nickel and 
incidental impurities; PWA1480, which has a nominal 
composition in weight percent of about 5.00 percent 
cobalt, about 10.0 percent chromium, about 4.00 per- 
cent tungsten, about 12.0 percent tantalum, about 5.00 
percent aluminum, about 1.5 percent titanium, balance 
nickel and incidental impurities; PWA1484, which has a 
nominal composition In weight percent of about 10.00 
percent cobalt, about 5.00 percent chromium, about 
2.00 percent molybdenum, about 6.00 percent tung- 
sten, about 3.00 percent rhenium, about 8.70 percent 
tantalum, about 5.60 percent aluminum, about 0.10 per- 
cent hafnium, balance nickel and incidental impurities; 
and MX-4, which has a nominal composition as set forth 
in US Patent 5,482,789, in weight percent, of from about 
0.4 to about 6.5 percent ruthenium, from about 4.5 to 
about 5.75 percent rhenium, from about 5.8 to about 
10.7 percent tantalum, from about 4.25 to about 17.0 
percent cobalt, from 0 to about 0.05 percent hafnium, 
from 0 to about 0.06 percent carbon, from 0 to about 
0.01 percent boron, from 0 to about 0.02 percent 
yttrium, from about 0.9 to about 2.0 percent molybde- 
num, from about 1.25 to about 6.0 percent chromium, 
from 0 to about 1.0 percent niobium, from about 5.0 to 
about 6.6 percent aluminum, from 0 to about 1.0 per- 
cent titanium, from about 3.0 to about 7.5 percent tung- 
sten, and wherein the sum of molybdenum plus 
chromium plus niobium is from about 2.15 to about 9.0 
percent, and wherein the sum of aluminum plus titanium 
plus tungsten is from about 8.0 to about 15.1 percent, 
balance nickel and Incidental Impurities. The use of the 
present invention is not limited to these preferred alloys, 
and has broader applicability. 

[0025] A coating deposition apparatus 80 is pro- 
vided, numeral 62. A preferred form of the coating dep- 
osition apparatus 80 is illustrated in Figure 4. The airfoil 
22 Is assembled together, numeral 64, with the coating 
deposition apparatus 80. The preferred coating deposi- 
tion apparatus 80 of Figure 4 includes a retort 82 having 



a retort inlet 84 and a retort outlet 86. A number of tur- 
bine blades 20 or turbine vanes are placed on a support 
88 which Is a solid barrier In the retort 82, except for a 
number of flow channels 90 therethrough. Each of the 

5 flow channels 90 is continuous with a precursor Inlet 
end 92 of the Internal passages 34 of the turbine blade 
20. The precursor inlet end 92 is preferably near the root 
end 30 of the turbine blade 20. The support 88 divides 
the interior of the retort 82 into a source chamber 94 on 

10 one side of the support 88 and an outlet plenum 96 on 
the other side of the support 88. Gas can flow from the 
source chamber 94 to the outlet plenum 96 only by flow- 
ing through the flow channels 90 and the internal pas- 
sages 34. 

rs [0026] Optionally, a coating prevention structure 78 
is provided to prevent coating of the modified diffusion 
aluminide onto the external airfoil surfaces 38, if it is 
desired that the modified diffusion aluminide not be 
present on the external airfoil surfaces 38. The coating 

20 prevention structure 78 may be of any operable type, 
and is illustrated as a maskant that overlies the portion 
of the surface that is not to have the modified diffusion 
aluminide coating. Maskants are known in the art. 
[0027] In operation, aluminum and the modifying 

25 elements are first deposited onto the internal airfoil sur- 
face 36 by any operable technique, such as vapor 
phase alumlniding. A source of a flowable precursor 
coating material Is provided, numeral 66. In one 
approach, the source of aluminum is preferably a gase- 

30 ous source. A mixture of an aluminum-containing mate- 
rial (preferably aluminum metal, aluminum alloy, or 
aluminum-containing compound), a source of the modi- 
fying element, and a halide activator, preferably alumi- 
num chloride, aluminum fluoride, or ammonium fluoride, 

35 are placed into the source chamber 94. The source of 
the modifying element is preferably an elemental pow- 
der containing the modifying element, or a decomposa- 
ble compound containing the modifying element. The 
preferred source of aluminum is aluminum-titanium 

40 powder or chromium-aluminum chips. The preferred 
source of hafnium is hafnium chloride or elemental haf- 
nium powder; the preferred source of yttrium is yttrium 
chloride; the preferred source of zirconium is elemental 
zirconium powder or zirconium chloride; the preferred 

45 source of chromium is elemental chromium powder; 
and the preferred source of silicon is elemental silicon 
powder. Mixtures of these sources of the modifying ele- 
ments may be used to obtain mixtures of the modifying 
elements in the diffusion aluminide. The concentration 

so of the modifying elements In the source gas may be 
controlled by the temperature of the precursor gas com- 
ponents and the temperature of deposition (due to the 
different activities of the constituents at different temper- 
atures). 

55 [0028] The activators arid the halide gas containing 
the modifying elements contact the aluminum-contain- 
ing material and the source of the modifying element to 
form the corresponding halide gas. Argon or hydrogen 
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gas is flowed into the source chamber 94 portion of the 
retort 82 through the retort inlet 84, providing a carrier 
for the gaseous source of aluminum and the modifying 
element. 

[0029] The resulting source gas flows through the 
flow channels 90 and thence through the internal pas- 
sages 34 of the component article, numeral 68. Alumi- 
num and the modifying elements are deposited onto the 
internal airfoil surface 36 along the length of each inter- 
nal passage 34. The retort 82 is usually heated to a 
deposition reaction temperature of from about 1 800°F 
to about 21 00°F so that deposited aluminum atoms and 
atoms of the modifying elements interdiffuse into the 
substrate 42. An aluminum coating about 0.002 inch 
thick may be deposited in about 4-8 hours using this 
approach. Optionally, the heating may be continued 
after the flow of the source gas is discontinued, to 
achieve further interdiffusion. 

[0030] Other operable approaches for introducing 
the source of aluminum into the internal passages 34 
may also be used. Examples include chemical vapor 
deposition, slurry-coating processes, foam coating, 
organo-metailic chemical vapor deposition, pack 
cementation, and above-the-pack aluminiding. 
[0031] After the aluminum coating step 68, the 
external surfaces 38 which were uncoated with alumi- 
num in step 68 are optionally (but preferably) protected, 
numeral 70. In the preferred approach whose result is 
illustrated in Figure 2, the overlay protective coating 44 
is deposited overlying and contacting the external airfoil 
surface 38. The overlay protective coating 44 includes 
the protective layer 46 deposited onto the external airfoil 
surface 38. The protective layer 46 is preferably of the 
MCrAlX type discussed earlier. The protective layer 46 
is deposited by any operable physical vapor deposition 
technique, such as sputtering, cathodic arc, electron 
beam, or plasma spray. No aluminum layer is deposited 
onto the external airfoil surface 38 as part of this step. 
The protective layer 46 is preferably from about 0.001 to 
about 0.003 inch, most preferably about 0.002 inch, 
thick. 

[0032] The overlay protective coating 44 optionally 
includes the ceramic layer 48, deposited overlying and 
contacting the protective layer 46. The ceramic layer 48 
is preferably from about 0.003 to about 0.01 0 inch thick, 
most preferably about 0.005 inch thick, (Figure 2 is not 
drawn to scale.) The ceramic layer 48 is preferably 
yttria-stabilized zlrconta, which is zirconium oxide con- 
taining from about 2 to about 12 weight percent, prefer- 
ably from about 4 to about 8 weight percent, of yttrium 
oxide. Other operable ceramic materials may be used 
as welt. It may be deposited by any operable technique, 
such as physical vapor deposition or plasma spray. 
[0033] Although a particular embodiment of the 
invention has been described in detail for purposes of 
illustration, various modifications and enhancements 
may be made without departing from the spirit and 
scope of the invention. Accordingly, the invention is not 



to be limited except as by the appended claims. 
Claims 

5 1 . An article comprising: 

a gas turbine component having 
a substrate, 

w an Internal passage through the substrate 

defining an Internal surface of the sub- 
strate, and 

an external surface of the substrate; and 

is an internal protective layer overlying the inter- 

nal surface of the substrate, the Internal protec- 
tive layer having a composition comprising 
aluminum, plus, in weight percent, on average 
from about 0.1 to about 5.0 percent of a modi- 

20 tying element selected from the group consist- 

ing of hafnium, yttrium, zirconium, chromium, 
and silicon, and combinations thereof. 

2. The article of claim 1 , wherein the substrate has a 
25 shape of a gas turbine blade. 

3. The article of claim 1, wherein the substrate has a 
shape of a gas turbine vane. 

4. The article of any preceding claim, wherein the sub- 
strate is a nickel-base superalloy. 

5. The article of any preceding claim, wherein the 
internal protective layer comprises from about 1 6 to 
about 30 weight percent aluminum, the modifying 
element, and other elements interdiffused from the 
substrate. 

6. The article of any preceding claim, wherein the 
internal protective layer is from about 0.0005 inch to 
about 0.004 inch thick. 

7. The article of any preceding claim, wherein the arti- 
cle further includes an external protective layer 
overlying the external surface of the substrate. 

8. The article of claim 7, wherein the external protec- 
tive layer is a diffusion aluminlde. 

9. The article of claim 7, wherein the external protec- 
tive layer is an overlay. 

10. The article of claim 7, wherein the external protec- 
tive layer comprises an MCrAlX composition. 

11. A method for preparing an article, comprising the 
steps of 
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providing a substrate having an internal pas- 
sage therethrough defining an internal surface 
of the substrate; 

depositing a layer onto the internal surface 
comprising aluminum and a modifying element 5 
selected from the group consisting of hafnium, 
yttrium, zirconium, chromium, and silicon, and 
combinations thereof; and 
heating the layer comprising aluminum and the 
modifying element so that the aluminum and 10 
the modifying element diffuse into the substrate 
to form an internal protective layer, the internal 
protective layer having an average composition 
of from about 16 to about 30 weight percent 
aluminum, from about 0.1 to about 5.0 weight 15 
percent of the modifying element, and other 
elements interdiffused from the substrate. 

12. The method of claim 1 1 , wherein the step of heating 

Is performed at least In part simultaneously with the 20 
step of depositing. 

13. The method of claim 1 1 , wherein the step of heating 
includes the step of 

25 

heating to a temperature of from about 1800°F 
to about 2100°F, for a time of from about 4 
hours to about 20 hours. 

1 4. The method of claim 1 1 , wherein the step of depos- 30 
Iting includes the step of 

depositing the layer using a method selected 
from the group consisting of slurry coating, 
foam coating, chemical vapor deposition, 35 
organo-metallic chemical vapor deposition, 
pack cementation, and vapor phase aluminid- 
ing. 
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